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活性的吡嗪酸（Pyrazinoic acid，POA），与结核杆菌核糖体蛋白 S1（M. tuberculosis 





有助于设计和研发以 MtRpsA 为靶点的治疗结核病的药物。 
MtRpsA 蛋白序列由 481 个氨基酸组成，包含四个不完全重复的 S1 结构域
以及一个 C 端螺旋。本实验室的前期研究工作报道了 MtRpsA C 端结构域
（MtRpsACTD）与 POA 分子的复合物晶体结构，结果表明 POA 结合于 MtRpsA
第四个 S1 结构域，而 RpsA 的 C-terminus 的氨基酸突变则会导致 PZA 耐药性。 
本论文采用基因重组技术和同位素标记技术制备了 15N 和 13C 标记的
MtRpsACTD_280-438 蛋白质样品，利用异核多维核磁共振技术，于 Bruker Ascend 
Ⅲ 850MHz 采集一系列二维、三维和动力学谱图，用于该蛋白质溶液结构解析
和主链动力学数据分析。我们已经完成了 95% 的主链氨基酸序列认证和 85%
的侧链原子化学位移指认并进行了初步的溶液结构计算，其大体折叠与晶体结构
基 本 一 致 。 MtRpsACTD_280-438 蛋 白 的 15N 主 链 弛 豫 实 验 分 析 表 明 
MtRpsACTD_280-438 蛋白除了活性位点整体构象比较刚性。此外，我们运用了化



































Since German bacteriologist Robert Koch identified the mycobacterium 
tuberculosis (M. tb) as the causative agent of tuberculosis (TB) at 1882,TB is still one 
of the world’s highest mortality and morbidity of infectious diseases. The emergence 
of multi-drug-resistant strains of M. tuberculosismakes the discovery of new drug 
target and molecular scaffolds a priority.  
At present, the main strategy is combination for TB treatment, and pyrazinamide 
(PZA) is an essential pro-drug, which is absorbed into the bacilli and hydrolyzed to 
antibacterial active form pyrazinamide acid (POA) to inhibit the trans-translation by 
interaction with ribosomal protein S1 (MtRpsA), in the acid 
environment.Trans-translation is a important mechanism for activating proteins within 
signaling pathway, and it’s the only pathway available for ribosome rescue in 
Mycobacterium tuberculosis (MTB). Therefore, researching the solution structure and 
dynamics characteristic of MtRpsA contributes to understanding its biological 
function in M. tb, designing and developing the drugs that target the MtRpsA for TB 
treatment. 
MtRpsA comprises 481 amino acids including four uncompleted repeat S1 
domains and a helix at C terminus. Previous work reported the crystal structure of the 
MtRpsACTD complex with POA, and the results suggested that POA binding with the 
fourth S1 domain and C-terminus of RpsA mutations confer PZA resistance. 
In this paper, we prepared the MtRpsACTD_280-438 sample by recombination 
and isotope labeling techniques, and collected a series of 2D, 3D and dynamics 
spectra for its solution structure calculation and dynamics analysis. Firstly, the spectra 
were processed by NMRPipe and NMRDraw programs transformation. Secondly, we 
assigned the 85% atoms chemical shifts by CcpNMR software. Thirdly, the 
calculation of its solution structure by the chemical shifts and integrate of the spectra 















from ARIA2&CNS2.1 was similar to the crystal apo structure of the MtRpsACTD. The  
backbone dynamics analysis reveals that the global structure of MtRpsA is relatively 
rigid except the active site. The  binding sites  of  for  the  peptide  were  
determined  by  the  chemical  shift  perturbation  approach. This research 
established the foundation for the development of new drugs. 

















APS Ammonium persulphate 
ARIA Ambiguous Restraints for Iterative Assignment 
CCPN Collaborative Computational Project for NMR 
CD Circular dichroism 
CNS Crystallography & NMR system 
CSI Chemical shift index 
FPLC Fast performance liquid chromatograph 
HSQC Heteronuclear single quantum correlation 
IPTG Isopropyl β-D-1-thiogalactopyranoside 
pI Isoelectric point 
NMR Nuclear magnetic resonance 
NOE Nuclear Overhauser Effect 
TB Tuberculosis 
TEMED N,N,N,N-Tetramethyl-Ethylenediamime 
PDB Protein Data Bank ppm Parts per million 
PMSF Phenylmethanesulfonyl fluoride ppase Prescission protease 
PCR Polymerase chain reaction 
SDS-PAGE Sodium dodecyl sulphate polyacrylamide gel electrophoresis 
TOCSY Total correlation spectroscopy 
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Robert Koch 于 1882 年发现分枝杆菌是引起人类和动物结核病的病原菌。1921
年，爱伯特·卡脉特与介岚发明了卡介苗（BCG），用于肺结核病的疫苗，但其预防
效果在近期受到了质疑。1944 年链霉素（Streptomycin）是被第一个发明的有效抗























(pyrazinamide, PZA)。尽管 PZA 在体内具有很好的杀菌活性，但是在中性 pH 的正常
环境条件下，PZA 对正在生长的结核杆菌菌体却没有明显的杀菌效果[6]。科研人员
认识到 PZA 在弱酸性条件下才对结核分枝杆菌具有理想的抑菌活性[7]。 
 
图 1.1 烟酰胺，吡嗪酰胺和吡嗪酸的化学结构式 
Fig 1.1 Chemical structural formulas of PZA, POA and Nicotinamide  
PZA 经过被动运输的方式进入结核分枝杆菌胞内（图 1.2），并被其体内由 pncA
基因编码的吡嗪酰胺酶（Pyrazinamidase, PZase）催化水解为吡嗪酸（Pyrazinoic acid, 




环境下 pH 5.5 的结核杆菌有抑菌效果[11]，这主要是因为菌体胞外的低 pH 反而提高
了胞内 POA 的含量[9]。 
 
图 1.2. PZA 进入结核分枝杆菌胞内示意图 
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